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ABSTRACT 


An  analysis  of  418  small-event  (m^  <_  5.8)  seismo- 
grams recorded  at  17  world-wide  stations,  and  of  148 
large-event  (mb,  (NOS),  or  from  Pasadena  or 
Berkeley  >_  7.0)  seismograms  recorded  at  8 worldwide 
stations  and  TFO  indicates  that  coda  shape  is 
primarily  a function  of  the  arrival  times  and  relative 
amplitudes  of  significant  secondary  arrivals.  How- 
ever, for  times  greater  than  10  to  20  seconds  into  the 
coda,  large-event  codas  are  approximately  0.14  mb 
units  greater  in  amplitude  at  any  given  time  relative 
to  their  maxima,  than  the  corresponding  relative 
amplitude  for  small-event  codas.  This  suggests  that 
large  events  are,  in  fact,  multiple  events,  with  the 
nominal  period  of  source  activity  for  a given  sequence 
estimated  to  be  on  the  order  of  1 to  2 minutes. 
Correspondingly,  large  events  also  tend  to  be  emergent, 
displaying  a 0.2  to  0.3  mb  increase  in  amplitude 
between  5 and  30  seconds  into  the  P-wave  arrival  over 
that  observed  in  the  first  5 seconds  of  the  arrival. 
Because  of  their  differences,  large-event  and  small- 
event  coda  observations  cannot  be  combined.  At  least 
two  sets  of  coda  observations  are  required  (and  are 
presented  here)  for  coda  prediction.  The  small- 
event  codas  are  used  to  predict  the  codas  for  the 
San  Fernando,  California,  earthquake  of  9 February 
1971,  at  43  stations.  With  few  exceptions,  the 
observed  coda  lie  within  one  standard  deviation  of 
the  predicted  coda. 
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INTRODUCTION 


In  a previous  report  (Cohen  et  al.,  1972),  P and 
PKP  coda  characteristics  were  examined  for  events  from 
15  seismic  regions  as  recorded  at  17  World  Wide 
Standard  Seismograph  Stations  (WWSSS) . These  coda 
characteristics  were  determined  by  taking  amplitude 
measurements  in  successive  time  windows  (0-5,  5-10, 

10-20,  20-30,  30-40,  40-50,  50-60  seconds;  1-2,  2-3, 
...minutes),  scaling  these  measurements  relative  to  the 
largest  excursion  in  the  coda,  and  connecting  successive 
observations  to  obtain  the  coda  envelope.  The  study 
yielded  two  important  conclusions: 

1.  Coda  characteristics  are  determined  primarily 
by  the  arrival  times  and  relative  amplitudes  of 
significant  secondary  phases; 

2.  Coda  characteristics  determined  for  events  in 
the  range  6.0  <!  m^  <!  6.5  appear  applicable  to  events 
with  5.0  <!  m^  <!  6.0. 

In  the  present  report,  data  from  Cohen  et  al.  (1972) 
are  reprocessed  to  yield  average  P and  PKP  coda  determina- 
tions from  specific  distance  intervals  between  0 to  180°. 
These  determinations  are  then  compared  to  similar 
observations  for  large  events  (m^  or  >_  7.0).  The 
results  suggest  that  coda  decay  is  a function  of 
magnitude.  That  is,  while  coda  shape  is  a function  of 
the  arrival  times  and  relative  amplitudes  of  significant 
secondary  arrivals,  the  greater  the  event  magnitude,  the 
higher  is  the  relative  amplitude  level  at  a given  time  in 
the  coda  after  the  first  10-20  seconds. 
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For  the  data  examined,  and  for  elapsed  times  greater 
than  10-20  seconds,  large-event  codas  are  about  0.14 
mb  higher  in  relative  amplitude  than  correspond- 

ing relative  amplitudes  in  small-event  codas.  One 
explanation  for  the  observed  increase  appears  to  be 
that  large  events  may  be  designated  as  multiple  events, 
with  source  activity  lasting  up  to  1 or  2 minutes. 

That  elevated  coda  are  observed  for  these  events,  then, 
may  be  due  to  the  fact  that  the  later  events  in  the 
sequence  extend  the  duration  of  the  arrival  of 
principal  phases.  This  retards  coda  decay,  in  effect 
elevating  the  relative  amplitude  above  which  would  be 
observed  for  a single  event  of  equal  maximum  amplitude. 
Be''  use  large  and  small  events  do  exhibit  different 
coda  characteristics,  at  least  two  sets  of  average 
coda  determinations  are  required  for  coda  prediction. 

Two  such  sets  are  presented  in  this  report,  together 
with  the  corresponding  standard  deviations  of  the 
individual  coda  observations.  Further,  the  set  of 
coda  determinations  for  small  events  is  used  to  predict 
the  coda  for  the  San  Fernando  earthquake  of  9 February 
1971,  at  43  stations.  In  general,  the  observed  coda 
at  a given  station  lies  within  one  standard  deviation 
of  the  predicted  coda. 
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ANALYSIS  TECHNIQUES 


The  method  used  to  determine  coda  decay  character- 
istics is  shown  in  Figure  1.  Amplitude  measurements, 
scaled  relative  to  the  largest  excursion  in  the  P or 
PKP  coda,  were  made  in  a specified  set  of  successive 
time  windows,  continuing  until  the  roda  decayed  into 
the  pre-existing  ambient  noise  level,  or  until  the 
arrival  of  surface  waves. 

Surface  waves  were  excluded  from  the  present  work 
for  the  following  reason:  these  arrivals  have  periods 

on  the  short-period  record  of  the  order  of  1 to  3 
seconds,  and  sometimes  greater.  Thus,  despite  the  high 
amplitude  of  the  surface  wave  arrival,  the  arrival  from 
another  earthquake  or  an  explosion  may  be  distinguishable 
in  the  surface-wave  background  due  to  its  shorter 
period.  As  coda  determinations  are  most  often  used  to 
determine  how  often  signals  from  one  event  are  masked  in 
the  coda  of  another  event,  use  of  coda  characteristics 
incorporating  surface  wave  determinations  will  lead  one 
to  overestimate  the  number  of  events  masked.  Hence,  our 
primary  concern  here  is  with  the  P and  PKP  coda  decay 
characteristics . 

Having  determined  the  principal  coda  maxima,  these 
values  were  next  plotted  on  log-linear  paper  and  the 
coda  envelope  obtained  by  connecting  successive  deter- 
minations. For  example,  a set  of  coda  measurements 
yielded  the  coda  envelope  shown  in  Figure  2a.  Using 
the  coda  measurements  made  at  a given  station  for  a 
suite  of  events  from  the  given  region,  we  obtained  the 
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Figure  2b.  Determination  of  the  average  coda  decay  characteristics 
from  a set  of  coda  observations. 
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data  shown  in  Figure  2b.  The  average  coda  was  then 
determined  and  a statistic  associated  with  the  spread 
in  data. 

While  the  above  technique  yielded  representative 
coda  for  events  from  a given  region  as  recorded  at  a 
given  station  (as  reported  by  Cohen  et  al.  1972),  the 
observation  that  coda  characteristics  are  determined 
primarily  by  the  arrival  times  and  relative  amplitudes 
of  significant  secondary  phases  suggests  that  average 
coda  characteristics  are  better  determined  by  combin- 
ing a suite  of  world-wide  coda  observations  grouped 
dis tance . That  is,  because  the  coda  determinations 
are  taken  in  specific  time  windows  following  the  P or 
PKP  arrival,  codas  should  be  grouped  (classified) 
according  to  the  specific  windows  in  which  the  more 
important  secondary  phases  are  observed.  We  would 
prefer,  for  example,  to  consider  as  a group  those 
coda  for  which  the  PP  phase  arrives  between  1 and  2 
minutes  after  the  P arrival,  and  for  which  the  PcP 
phase  arrives  between  2 and  3 minutes  after  P onset. 

The  corresponding  distance  range  is  31°  < A < 42°. 

The  standard  surface  focus  travel-time  tables  for 
body  phases,  considering  only  the  arrival  times  of 
PP  and  PcP  relative  to  P,  yields  the  distance  intervals 
shown  in  Table  I.  Within  each  interval,  the  PP  and 
PcP  arrival  times  relative  to  P remain  fixed  in  a 
given  time  window.  A similar  analysis  performed  for 
distances  beyond  105°  for  PKP  yields  the  intervals 
shown  in  Table  II.  Here,  the  significant  secondary 
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TABLE  I 

P-Coda  Distance  Intervals 


1.  0 

- 

5° 

2.  5 

- 

10° 

3.  10 

- 

14° 

4.  14 

- 

16° 

5.  16 

- 

21° 

6 «,  21 

- 

22° 

7.  22 

- 

24° 

8.  24 

- 

26° 

9.  26 

- 

29° 

10.  29 

- 

31 r 

11.  31 

- 

42° 

12.  42 

- 

53° 

13.  53 

m 

56° 

14.  56 

m 

59° 

15.  59 

- 

63° 

16.  63 

- 

67° 

17.  67 

- 

72° 

18.  72 

- 

79' 

19.  79 

- 

84° 

20.  84 

- 

98° 

21.  98 

- 

103 

22.  103 

- 

105 

23.  105 

- 

110 

TABLE  II 

PKP-Coda  Distance  Intervals 


1. 

105 

- 

110 

2. 

110 

- 

115 

3. 

115 

- 

118 

4. 

118 

- 

127 

5. 

127 

- 

136 

6. 

136 

- 

140 

7. 

140 

- 

145 

8. 

145 

- 

155 

9. 

155 

- 

166 

10. 

166 

- 

180 

phases  taken  into  consideration  are  PP,  PS,  and  PKU2> 
with  the  reference  arrival  being  either  PKIKP  or  PKPie 
The  number  of  PKP  distance  intervals  has  been  minimized 
by  ignoring  time-window  changes  for  the  PP  phase  where 
this  phase  becomes  weak.  In  the  case  of  PKP2,  the 
relative  time-of-arrival  intervals  used  for  selecting 
the  distance  intervals  were  0-30  seconds,  30-60 
seconds,  and  1-2  minutes. 
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RESULTS 


Coda  Characteristics  as  a Function  of  Magnitude 

In  the  first  phase  of  this  study  we  seek  to  deter- 
mine what  dependence,  if  any,  coda  characteristics 
have  on  event  magnitude. 

Let  us  define  a "large"  event  as  one  having  an 
NOS  m^,  NOS  Mg,  or  secondary  m^  (at  an  observatory 
such  as  Pasadena  or  Berkeley)  of  7.0  or  larger.  By 
this  definition,  the  events  listed  in  Tables  III  and 
IV  constitute  a large-event  population.  Pertinent 
station  information  for  this  data  set  are  given  in 
Table  V.  Grouping  the  events  by  the  distance  inter- 
vals given  in  Tables  I and  II,  and  averaging  over 
the  individual  coda  determinations,  we  obtain  the 
average  coda  determinations  shown  in  black  in 
Appendix  I.  The  dashed  black  lines  show  the  95% 
confidence  intervals  on  the  average  coda  determinations. 
These  determinations  must  now  be  compared  to  similar 
observations  for  "small"  events. 

It  would  be  convenient  to  define  a "small"  event 
as  one  with  m^,  and  secondary  m^  less  than  7.0. 
Unfortunately,  most  of  the  data  used  by  Cohen  et  al. 
(1972)  were  for  events  in  a time  frame  when  Mg  and 
secondary  m^  determinations  were  not  made  by  NOS  or 
reported  to  NOS  on  a routine  basis.  Thus,  an  examina- 
tion was  made  of  all  events  which  occurred  between 
1 January  1967  and  22  May  1972,  and  which  had  an  Mg 
of  6.5  or  larger.  We  found  that  of  the  46  events 

listed  with  m,  < 5.8  and  with  M values  available, 
b — s 
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TABLE  111 

Large-Event  Information,  42  to  105°  Distance 
(Listed  by  Event) 
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7 events  exhibited  an  Mg  of  7o0  or  larger;  that  is, 
roughly  151  of  the  events  with  m^  <_  5.8  classify  as 
"large"  events.  A similar  analysis  performed  using 
secondary  m^  data  show  that  of  60  events  with  m^  < 5.8 
and  with  secondary  values  available,  3 events,  or  51, 
have  a secondary  m^  of  7.0  or  larger.  We  therefore 
choose  to  define  a small  event  as  one  having  an  m^  <_ 
5.8.  Using  such  a definition,  we  expect  any  given 
set  of  "small"  events  to  contain  no  more  than,  and 
most  like  y considerably  less  than,  about  15%  of  what 
we  define  as  "large"  events. 

Using  the  above  criterion  for  selecting  "small" 
events,  the  events  shown  in  Table  VI  and  VII  (station 
information  given  in  Table  VIII)  were  taken  from  the 
data  of  Cohen  et  al.  (1972)  for  further  coda  analysis. 
The  data  selected  were  also  required  to  have  8 or  more 
coda  observations  (the  eighth  reading  is  taken  in  the 
second  minute  of  the  coda) . Grouping  by  distance 
interval,  the  small-event  codas  were  then  analyzed  to 
yield  average  coda  determinations  in  the  same  distance 
intervals  for  which  "large"  event  codas  were  analyzed; 
these  average  codas,  and  their  corresponding  95%  con- 
fidence intervals,  are  shown  in  blue  in  Appendix  I. 

The  data  shown  in  Appendix  I suggest  that  while 
coda  shape  is  approximately  a function  of  the  arrival 
times  and  relative  amplitudes  of  significant  secondary 
arrivals  for  both  large  and  small  events,  the  greater 
the  event  magnitude,  the  higher  is  the  relative 
amplitude  level  for  elapsed  times  greater  than  about 
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20  seconds  into  the  coda 


To  quantitatively  determine  the  difference  in  coda 
levels  for  the  two  sets  of  determinations,  the  average 
difference  for  each  distance  interval  and  an  associated 
t-statistic  for  this  difference  were  computed  as 
follows : 


Let  3T 


s 


x 


i 


n 


i 


s 


be  the  average  small-event  coda  amplitude 

at  the  i^  time  point; 

be  the  number  of  individual  coda  values 
th 

at  the  ix  time  point  which  went  into  the 
determination  of  7. ; 

be  the  standard  deviations  of  the  individ- 
ual small  event  coda  determinations  at  the 
. th  . . 

i time  point; 

be  the  average  large-event  coda  amplitude 
at  the  i 1 time  point; 
be  the  number  of  individual  coda  values 
at  the  i time  point  which  went  into 
the  determination  of  7\  ; 
be  the  standard  deviation  of  the  individ- 
ual large-event  coda  determination  at  the 
it^1  time  point. 


Then : 


and 


I 


» 
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where  P is  the  number  of  time  points  for  which  corre- 
sponding 1 arge-event  and  small-event  average  coda 
determinations  are  available. 

To  compute  the  associated  t-statistic,  we  must 
first  determine  the  standard  deviation  of  the  mean, 
s,  where 


s = 


Ji  'vK  * 

T P L 

l Cmi" 1)  + l (n . -1) 

i=l  i=l  1 


and 


t = 


l <5- 


i*l 


/n~ rr 

/i=i  mi  iii  ni 
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Note  that  the  number  of  degrees  of  freedom  (d.f.) 
associated  with  the  t-statistic  is 

P P 

d.f„  = l (m  -1)  + l (n.-l) 

i=l  1 i=l  1 

Using  the  data  given  in  Appendix  I and  performing 
the  computation  outlined  above  yields  the  results 
shown  in  Table  IX.  It  should  be  noted,  however,  that 
because  small-event  codas  start  at  relatively  high 
coda  levels,  while  large-event  codas  rise  ior  the 
first  1.0  to  20  seconds,  we  have  omitted  from  our 
computations  the  coda  determinations  plotted  at 
elapsed  times  of  0 (read  in  the  0-5  second  time 
window)  and  10  (read  in  the  5-10  second  time  window) 
seconds.  Out  of  17  data  sets,  13  show  the  large- 
event  codas  to  be  significantly  larger  than  the  small- 
event  codas  at  the  9S%  confidence  level  (one-sided 
t-test).  The  mean  difference  is  0.14  mb  units. 

Two  data  sets  show  the  small-event  codas  to  be 
larger  than  the  large-event  codas  by  about  0.11  mb 
units.  These  data  (Figures  13  and  15  in  Appendix  I) 
were  observed  at  PKP  distances,  and  the  negative 
results  obtained  are  due  probably  to  the  paucity  of 
data  and  to  the  low  s ignal- to-noise  ratios  observed 
on  the  original  seismograms  (Figure  3)  rather  than  to 
a real  difference  in  coda  behavior.  Seismograms  with 
low  signal-to-noise  ratios,  which  are  observed  more 
frequently  for  small  events,  can  yield  relatively 
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TABLE  IX 


Coda  Di 

fference  Analysis 

rObservations  at  0 

and  10  Seconds  Eliminated) 

AVERAGE 

DISTANCE 

INTERVAL 

DIFFERENCE 
IN  MEAN  CODA 

0nb) 

STANDARD 

DEVIATION 

(mb) 

T- VALUE 

DEG.  FREEDOM 

42-53° 

0.16 

0.21 

5.90* 

460 

53-56° 

0.02 

0.22 

0.37 

90 

56-59° 

0.09 

0.18 

1.88* 

87 

59-63° 

0.25 

0.21 

6.87* 

234 

63-67° 

0.09 

0.17 

3.32* 

173 

67-72° 

0.11 

0.17 

4.82* 

312 

72-79° 

0.13 

0.18 

6.11* 

385 

79-84° 

0.17 

0.17 

6.06* 

220 

84-98° 

0.13 

0.16 

8.25* 

682 

98-103° 

0.03 

0.13 

1.09 

116 

110-115° 

0.05 

0.11 

1.87* 

69 

118-127° 

0.08 

0.14 

3.64* 

199 

127-136° 

-0.11 

0.04 

-13.72* 

165 

136-140° 

0.19 

0.17 

4.39* 

46 

140-145° 

-0.11 

0.14 

-3.00* 

47 

145-155° 

0.28 

0.14 

8.73* 

65 

155-166° 

0.14 

0.07 

6.72* 

49 

Significant  at  the  951  confidence  level  for  a one- 
sided t-test;  critical  test  value  is  1.64. 
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Figure  3.  Small-event  seismograms  in  the  distance 
interval  127-136°. 


high  determinations  throughout  the  coda.  When  this 
occurs,  the  average  coda  determinations  for  small 
events  are  biased  upwards,  thus  lessening  and  apparently 
eliminating,  in  some  cases,  what  the  greater  portion  of 
the  data  suggest  to  be  a significant  upward  bias  in 
relative  coda  amplitude  with  magnitude. 


Though  convinced  that  a difference  is  observed 
between  large-event  and  small-event  codas,  we  find  it 
difficult  to  explain  physically  why  the  coda  level  for 
a single  large  event  at  any  given  time  into  the  coda 
should  exceed  the  level  for  a single  small  event  as 
measured  at  the  same  relative  time.  An  explanation 
for  the  observed  increase  in  coda  levels  appears  to  be 
that  large  events  are,  in  fact,  multiple  events,  with 
the  nominal  period  of  seismic  activity  for  a given 
sequence  lasting  on  the  order  of  1 or  2 minutes 
(Figure  4).  The  observation  that  large-event  codas 
rise  for  the  first  10  to  20  seconds  is  but  one  mani- 
festation of  the  multiple  event  source.  The  difference 
in  relative  coda  levels  (-0.14  m.  ) is  another. 

3 


Figures  5 ^v-  ’ough  7 show  the  large-event  and  small- 
event  codas  -ee  distance  intervals.  In  each  case, 

the  large-event  coda  has  been  shifted  to  an  earlier 
relative  time  by  1 or  2 minutes.  By  shifting  the  codas 
relative  to  one  another,  the  codas  are  brought  into 


coincidence.  This  indicates  that  in  the  case  of  large 
events,  the  significant  secondary  phases  are  extended 
in  time  and  thus  appear  to  arrive  late  with  respect  to 
the  onset  of  the  first  arrival  because  they  derive  from 
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Hypotehtical  small-event  and  large-event  seismograms. 


RELATIVE  GROUND  MOTION  (PERCENT) 


P CODA 
59°-63c 


0 0 2.0  4.0  6.0  8 0 10 

TIME  AFTER  ARRIVAL  (MINUTES) 

Figure  5.  Comparison  of  time-shifted  large-event  and 
small-event  codas,  59-63°  distance. 
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M 


TIME  AFTER  ARRIVAL  (MINUTES) 

Figure  6.  Comparison  of  time-shifted  large-event  and 
small-event  codas,  63-67°  distance. 


I 
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Figure  7.  Comparison  of  time-shifted  large-event  and 
small-event  codas,  67-72°  distance. 
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events  which  may  occur  1 or  2 minutes  following  the 
initial  event  in  the  sequence.  Note  that  we  cannot 
resolve  the  rupture  period  any  better  than  ±1  minute 
due  to  the  manner  in  which  we  have  quantified  the 
coda.  Estimates  for  the  time  shift  associated  with 
each  of  the  coda  sets  shown  in  Appendix  I are  given 
in  Table  X.  These  estimates  for  the  period  of 
source  activity,  1 or  2 minutes,  are  roughly  the 
same  as  that  found  by  Wyss  and  Brune  (1967)  for  the 
Alaskan  earthquake  of  28  March  1964  (events  indicated 
at  9,  19,  28,  29,  44,  and  72  seconds  after  the 
initial  origin  time) , and  by  Trifunac  and  Brune  (1970) 
for  the  Imperial  Valley,  California  earthquake  of 
1940  (4  events  in  the  first  25  seconds,  followed  by 
9 events  in  the  next  five  minutes).  The  results 
presented  here  suggest  that  multiple  events  are  a 
more  common  phenomenon  than  has  perhaps  been  generally 
suspected,  and  that  many,  if  not  all,  "large"  events 
(high  values)  are  multiple  events.  If  true,  this 
would  have  considerable  impact  on  extensions  of  earth- 
quake source-mechanism  theory  to  large  magnitudes. 
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TABLE  X 


Time  Shifts  for  Large-Event  Coda 


DISTANCE 

INTERVAL 

(Degrees) 

42-53 

53-56 

56-59 

59-63 

63-67 

67-72 

72-79 

79-84 

84-98 

98-103 

110-115 

118-127 

127-136 

136-140 

140-145 

145-155 

155-166 


ESTIMATED 
TTME  SHIFT 
(Minutes) 

-1 

-1 

-2 
-1 
-2 
-2 
-2 
-1 
~ - 1 

-2 


-2 

-1 
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Coda  Consistancy  - 42°  to  103°  Distance 


Let  us  now  examine  the  reliability  of  the  dis- 
tinction between  large-event  and  small-event  coda 
characteristics.  That  is,  although  we  have  establish- 
ed that  in  a statistical  sense  large-event  codas 
differ  from  those  of  small  events,  one  may  ask  if  all 
stations  within  a network  will  observe  the  same  coda 
characteristics  for  a given  event.  Further,  we  are 
also  interested  in  knowing  whether  an  emergent  coda 
necessarily  implies  displacement  of  the  entire  coda 
by  one  or  two  minutes  in  time.  It  might  be  thought, 
for  example,  that  pP  seen  at  a few  stations  for  a 
small  event  could  generate  an  emergent  coda  accord- 
ing to  our  definition,  but  that  the  coda  as  a whole 
would  still  have  the  characteristic  small-event  shape. 

Let  us  first  examine  the  consistancy  of  the 
large-event  codas.  Those  few  large-event  codas  which 
peak  in  the  first  5 seconds  (see  Table  XI  for  coda 
determinations)  are  candidates  for  an  overall  coda- 
shape  characteristic  of  small  events.  As  seen  in 
Table  XII,  however,  of  the  10  out  of  37  large  events 
for  which  one  or  more  codas  peaked  in  the  first  5 
seconds,  only  two  events  had  501  or  more  of  their 
recordings  exhibit  overall  small-event  coda  character- 
istics. Thus,  it  would  appear  that  mfa  or  Ms  > 7.0 
is  a good  criterion  for  selecting  events  with  large- 
event  coda  characteristics,  and  that  for  such  events, 
most  individual  stations  will  exhibit  these  character- 
istics. If  large  events  are  multiple  events,  this 
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(L)  Large-event  coda  characteristics 
(S)  Small-event  coda  Characteristics 
* Only  interval  0-30  seconds  considered 


is  not  surprising.  The  occasional  reading  which  has 
a maximum  in  the  first  5 seconds  might  be  explained  by 
a node  in  the  radiation  pattern  of  the  first  few 
seconds  of  an  aftershock. 

Turning  now  to  the  consistancy  of  the  small- 
event  (m^  £ 5.8)  codas,  let  us  particularly  examine 
the  subset  of  these  events  which  has  a maximum  be- 
tween 5 and  30  seconds  into  the  record  (see  Table  XIII 
for  coda  determinations).  There  are  43  such  events 
out  of  a total  of  118,  but  Table  XIV  shows  that  all 
but  9 of  these  can  be  traced  to  pP  or  PcP  phases. 

Of  the  24  event-station  records  available  from  these 
9 events,  16  have  the  characteristic  large-event  coda 
shape,  suggesting  that  they  are  indeed  small,  multiple 
events.  On  the  other  hand,  the  records  from  the  23  pP 
events  show  that,  in  general,  their  overall  character 
is  that  of  small-events.  Thus  even  if  an  event  has  a 
mb  — 5-8,  it  is  possible  for  it  to  be  a multiple  event, 
with  a characteristic  multiple-event  coda  shape.  Table 
XV  summarizes  the  causes  for  small-events  to  exhibit 
large-event  coda  characteristics. 

It  might  be  noted  that  a fairly  sophisticated 
seismic  analysis  would  be  required  to  select  out  these 
few  small  events  on  the  basis  of  the  shape  of  the  first 
few  seconds  of  recordings  at  one  or  two  stations.  Not 
only  might  the  initial  shape  be  due  to  pP  but  also, 
several  of  the  small  multiple  events  show  individual 
recordings  which  peak  in  the  first  5 seconds,  again 
due  possibly  to  the  effect  oL  radiation  patterns  on 
the  aftershocks. 


-57- 


TABLE  XIII 

Small-Event  Coda  Determinations 
0-30  Seconds 


RELATIVE  CODA  MEASUREMENTS 
I PF  RCFNT1 

DISTANCE  0-S  5-10  10-20  20-50 

PATP  ARPA STATION  INTERVAL  SECONDS  SECONDS  SECONDS  SECONDS 


12  Jan  64 

1 ran-Turkey 

CHG 

42-53* 

100* 

74 

60 

47 

19  Aug  64 

lran-Turkey 

SEO 

42-53“ 

40 

100* 

98 

67 

SEO 

59-63* 

85 

100* 

77 

35 

19  Aug  64 

1 ran-Turkey 

CIIG 

59-63“ 

87 

100* 

55 

27 

20  Aug  64 

lran-Turkey 

SEO 

42-53“ 

98 

86 

100* 

65 

BOZ 

59-63“ 

75 

100* 

70 

27 

02  Feb  6 5 

Tadzhik-Mindu  Kush 

DAE 

84-98“ 

100* 

75 

65 

70 

05  Apr  6 5 

Turkey-Greece 

SEO 

84-98“ 

85 

50 

1 

85 

' Apr  65 

Alaska 

SEO 

42-53* 

100* 

50 

50 

27  Apr  65 

Turkey-Greece 

MAT 

72-79* 

100* 

90 

60 

45 

04  Aug  65 

Solomons-New  Hebrides 

MAT 

56-59“ 

100* 

40 

32 

20 

1 1 Aug  65 

Alaska 

MA 

42-53“ 

72 

100* 

75 

56 

15  Aug  65 

Solomons-New  Hebrides 

MAV 

56-59“ 

68 

100* 

65 

49 

14  Aug  65 

Solomons-New  Hebrides 

MAT 

56-59“ 

52 

100* 

75 

80 

17  Aug  65 

Sumatra- Java 

MAT 

42-55“ 

40 

55 

100* 

90 

Sill 

52-53“ 

70 

100* 

64 

49 

17  Aug  65 

Solomons-New  Hebrides 

MAT 

42-53“ 

100* 

90 

75 

65 

21  Aug  65 

Sumatra- Java 

SHI 

59-63“ 

100* 

60 

72 

60 

02  Sep  65 

Aleutian  Islands 

CHG 

63-67" 

100* 

26 

45 

49 

14  Sep  65 

Philippines -Taiwan 

CMC 

84-98“ 

90 

85 

65 

100* 

19  Sep  65 

Tonga  Is. -Fiji  Is. 

MAT 

72-79“ 

68 

100* 

75 

65 

08  Oct  65 

Sumatra-Java 

SHI 

59-63* 

100* 

80 

95 

70 

19  Oct  65 

Aleutian  Islands 

CIIG 

63-67“ 

100* 

79 

43 

50 

25  Oct  65 

Aleutian  Islands 

CIIG 

72-79“ 

100* 

35 

50 

35 

02  Nov  65 

Sumatra- Java 

MAT 

53-56“ 

100* 

60 

45 

40 

22  Nov  65 

Aleutian  Islands 

CHG 

67-72“ 

100* 

15 

30 

20 

25  Nov  65 

Aleutian  Islands 

CHG 

67-72“ 

100* 

50 

75 

80 

08  Jan  66 

Japan 

CMC 

59-63“ 

100* 

60 

20 

20 

BOZ 

72-79“ 

100* 

62 

33 

25 

16  Jan  66 

Kamchatka-Kuri les 

CHG 

59-63“ 

66 

100* 

62 

35 

Sill 

72-79“ 

100* 

45 

45 

40 

22  Jan  66 

Alaska 

WES 

42-53“ 

55 

50 

100* 

45 

SEO 

53-56“ 

53 

100* 

82 

30 

KON 

59-63" 

80 

75 

100* 

70 

DAV 

72-79" 

50 

100* 

60 

99 

CHG 

79-84" 

100* 

54 

70 

74 

NDI 

84-98“ 

60 

40 

100* 

35 

Sill 

84-98" 

80 

100* 

80 

90 

24  Jan  66 

Tadzhik-Hindu  Kush 

KON 

42-53“ 

100* 

70 

60 

60 

SEO 

42-53“ 

100* 

35 

45 

3G 

DAV 

56-59“ 

100* 

70 

75 

50 

MAE 

59-6  3“ 

100* 

90 

90 

95 

CMC 

79-84“ 

100* 

68 

84 

65 

28  Jan  66 

Tadzhik-Hindu  Kush 

MAT 

42-53“ 

100* 

80 

60 

65 

CMC 

72-79“ 

100* 

75 

35 

38 

28  Jan  66 

Kamchatka-Kuri les 

Sill 

72-79“ 

100* 

51 

52 

52 

29  Jan  66 

Kamcha tka-Kur i les 

CHG 

42-53“ 

6 8 

35 

100* 

40 

51  Jan  66 

China -Nepal- Burma 

CMC 

79-84" 

100* 

60 

60 

30 

02  Feb  66 

Tadzhik-Hindu  Kush 

MAT 

42-53“ 

100* 

40 

55 

50 

05  Feb  66 

Turkey-Greece 

NDI 

42-53“ 

64 

100* 

65 

50 

WES 

63-6  7“ 

100* 

60 

45 

30 

CMC 

67-72“ 

50 

100* 

57 

43 

BOZ 

84-98“ 

100* 

56 

45 

47 

DAL 

84-98“ 

80 

100* 

31 

30 

05  Feb  66 

Kamchatka-Kuriles 

BOZ 

56-59“ 

100* 

28 

24 

12 

NDI 

59-63“ 

100* 

25 

36 

24 

KON 

63-67“ 

100* 

40 

35 

42 

DAL 

72-  79“ 

100* 

95 

45 

85 

1ST 

72-79“ 

100* 

44 

40 

33 

WES 

79-84“ 

100* 

56 

20 

15 

MAL 

84-98“ 

100* 

50 

50 

40 

10  Feb  66 

Kamchatka-Kuriles 

CHG 

42-53“ 

100* 

21 

19 

10 

13  Feb  66 

China -Nepal -Burma 

SHI 

42-53“ 

80 

85 

100* 

60 

1ST 

59-63“ 

100* 

65 

35 

37 

ADE 

67-72“ 

100* 

50 

44 

21 

CMC 

79-84“ 

100* 

64 

48 

31 

18  Feb  66 

J apan 

CHG 

42-53“ 

100* 

48 

43 

23 

28  Feb  66 

J apan 

CMC 

53-  56“ 

100* 

23 

19 

16 

BOZ 

67-72“ 

100* 

37 

61 

26 

1ST 

72-79“ 

100* 

45 

50 

45 

58 


tabu:  XI II  (font  d.) 

Sinai  1-1-vent  Coda  Determinations 
0-30  Seconds 


KliLATiVK  CODA  MUSURI.MI.NTS 


DATI. 

area 

STATION 

DISTANCE 

1NTLRVA1. 

0-5 

SECONDS 

{I’ERCLNT) 
.5-10  10-20 

SECONDS  SECONDS 

20-30 

SI.CONDS 

n 6 

Mar 

66 

Ch ina-Nepal-Hurma 

CMC 

79-84“ 

100* 

95 

55 

25 

07 

Mar 

6 6 

1 ran-Turkey 

CMC 

72-79° 

45 

75 

100* 

80 

H02 

84-98“ 

100* 

73 

60 

50 

19 

Mar 

66 

Kamchatka-Kur i les 

cm; 

42-S  3“ 

50 

47 

91 

I 00* 

20 

Ma  r 

66 

Tonga  Is. -Fiji  Is. 

CMC 

84-98“ 

100* 

.35 

30 

15 

31 

Mar 

66 

Tadzhik-Ilindu  Kush 

CMC 

72-79“ 

100* 

17 

21 

14 

BOZ 

98-103“ 

50* 

35 

25 

20 

09 

Apr 

66 

Central  America 

B02 

42-5  3“ 

40 

100* 

55 

45 

CMC 

59-63“ 

55 

100* 

38 

42 

KON 

79-84“ 

100* 

90 

100 

60 

1 1 

Apr 

66 

Central  America 

CMC 

42-53“ 

100* 

27 

77 

42 

KON 

84-98“ 

100* 

47 

35 

20 

1 b 

Apr 

66 

Alaska 

DAL 

42-53“ 

70 

100* 

70 

80 

WT-.S 

42-53“ 

55 

50 

100* 

60 

KON 

59-63“ 

100* 

40 

88 

70 

1ST 

79-84“ 

100* 

50 

70 

40 

cue 

79-84“ 

ion* 

40 

68 

68 

SHI 

84-98“ 

100* 

6S 

95 

80 

20 

Apr 

66 

I ran- Turkey 

SLO 

59-63“ 

70 

100* 

63 

90 

H02 

84-98“ 

50 

78 

100* 

80 

09 

May 

66 

Turkey-Creecc 

NI)1 

42-53“ 

65 

46 

100* 

55 

CMC 

72-79“ 

30 

30 

75 

100* 

SLO 

72-  79“ 

90 

100* 

88 

45 

WLS 

72-79“ 

80 

100* 

90 

70 

1 1 

May 

66 

Kamchatka-kuri les 

Sill 

72-79“ 

67 

100* 

93 

60 

1ST 

79-84“ 

65 

50 

100* 

75 

15 

May 

66 

Aleutian  Islands 

CIIC 

67-72“ 

100* 

54 

54 

52 

04 

.)un 

66 

Tadzhi  k-ilindu  Kush 

KON 

42-53“ 

100* 

23 

20 

16 

H02 

98- 103“ 

ion* 

50 

45 

38 

10 

1 u n 

66 

China-Nepal-Hu  rma 

CMC 

63-67“ 

100* 

60 

40 

30 

21 

lun 

66 

Kamchatka-Kur i les 

CMC 

42-53“ 

25 

25 

100* 

40 

KON 

67-  72“ 

100* 

70 

95 

65 

wes 

72-  79“ 

100* 

30 

65 

50 

27 

1 un 

66 

China-Nepal-burma 

KON 

53-56“ 

ion* 

90 

82 

80 

Aim 

84-98“ 

30 

60 

100* 

45 

10 

Jul 

66 

Tonga  Is.-Iiji  Is. 

M"N 

56-59“ 

ion* 

47 

3C 

27 

1 

84-98“ 

100* 

SO 

95 

55 

01 

Aug 

66 

Tadzhik-Ilindu  Kush 

KON 

42-53“ 

70 

100* 

95 

35 

SLO 

42-53“ 

50 

100* 

45 

40 

MAT 

56-59“ 

60 

90 

100* 

90 

MAI. 

59-63“ 

86 

100* 

83 

54 

01 

Aug 

66 

Tadzh ik-llindu  Kush 

WLS 

98-  103“ 

100* 

80 

90 

70 

10 

Aug 

66 

Tonga  Is. -Fiji  Is. 

ADL 

42-53“ 

100* 

88 

8S 

50 

MUN 

59-63“ 

100* 

47 

30 

27 

SLO 

79-84“ 

100* 

55 

45 

40 

H02 

84-98“ 

53 

45 

22 

100* 

CIIC 

84-98“ 

100* 

34 

16 

22 

10 

Aug 

66 

Tadzh l k-llindu  Kush 

H02 

84-98“ 

100* 

70 

55 

10 

15 

Aug 

66 

A 1 aska 

CIIG 

84-98“ 

97 

ICO* 

50 

40 

16 

Aug 

66 

Tadzhik-Ilindu  Kush 

MAI. 

56-59“ 

100* 

40 

55 

40 

20 

Aug 

66 

Japan 

CMC 

5.3-56“ 

100* 

24 

32 

22 

H02 

67-72“ 

100* 

74 

47 

23 

20 

Aug 

66 

Turkcy-Greece 

CIIG 

67-  72“ 

100* 

52 

59 

31 

nn2 

79-84“ 

100* 

30 

25 

31 

28 

Aug 

66 

Tonga  Is. -Fiji  Is. 

MUN 

42-53“ 

100* 

27 

27 

20 

CIIG 

84-98“ 

100* 

38 

43 

32 

SLO 

84-98“ 

100* 

20 

27 

1 2 

07 

net 

66 

Alaska 

MAT 

42-53“ 

100* 

50 

35 

30 

SLO 

53-56“ 

100* 

50 

50 

50 

1ST 

72-79“ 

ino* 

40 

50 

60 

CIIG 

79-  84“ 

100* 

52 

43 

35 

NDI 

79-84“ 

100* 

42 

47 

33 

Sill 

84-98“ 

95 

50 

100* 

66 

29 

Oet 

66 

Turkey-Greece 

NDI 

42-53“ 

100* 

7.3 

2 S 

23 

WLS 

67-72“ 

77 

80 

100* 

62 

Bn2 

84-98“ 

ino* 

58 

60 

65 

DAI. 

84-98“ 

100* 

57 

40 

27 

12 

Nov 

66 

Japan 

NDI 

53-  56“ 

100* 

43 

45 

26 

B02 

67-72“ 

30 

30 

100* 

44 

KON 

67-72“ 

100* 

45 

70 

*;«; 

Sill 

72-79“ 

ion* 

73 

71 

55 

WLS 

84-98“ 

100* 

80 

100 

95 

59 
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1 1 AT  I : 


II 7 I It*  L (ill 


I I Ian  67 


25  dan  67 
07  Feb  67 
09  Fell  6 7 


20  leli  67 


04  Mar  67 
01  May  67 


27  May  6 7 
21  Inn  67 
26  hi  I 67 

50  Jul  (,7 


1 5 Aii|i  67 

28  Sep  67 
0 5 (let  6 7 

02  Dee  67 
10  lice  67 

28  Mar  68 

15  hi  n 6 8 

17  .Jun  6 8 

27  dun  68 
2 7 J tin  6 8 

02  Jul  68 

0 2 Jul  6 8 

28  dul  68 
28  dul  68 

1 4 Aug  68 

18  Aug  68 
08  Sep  68 
20  Sep  68 

28  Sep  68 

03  Oct  68 
23  Oct  68 

29  Oct  68 
07  Nov  68 
07  Nov  68 
I 1 Nov  68 
15  Nov  68 
27  Nov  68 
07  Dee  68 
07  Dec  68 

19  Dee  68 
01  dan  69 
05  dan  69 

19  dan  69 

20  Jan  69 

21  dan  69 
10  Feb  69 
10  Mar  69 
20  Mar  69 


1)1  STANCH 

AULA  STATION  INTHRVAH 


Kamchatka- Kur i 1 es 

CMC 

42-53° 

NIH 

59-0.3" 

MIN 

67-72° 

Sill 

72-79° 

NFS 

84-98° 

1 r an-Turkey 

Sid) 

63-67° 

CMC 

72-79° 

WHS 

84-98° 

1 adzhik-llindu  Kush 

MAT 

42-53° 

A 1 aska 

MAT 

42-53° 

Turkey-Grecrc 

Nil) 

42-53° 

CMC 

67-72° 

cue, 

67-72° 

Tudih ik-llindu  Ku  :h 

KON 

42-53° 

MAT 

42-  53° 

SI.O 

42-53° 

1IAV 

53-56° 

CMC 

72-79° 

Tonga  Is.-liji  Is. 

MAT 

67-72° 

CMC 

84-98° 

Turkey-Grcece 

Mil 

42-53° 

WHS 

63-67° 

CMC 

67-72° 

SHO 

72-79° 

MAT 

79-84° 

ho; 

84-98° 

Tadzh i k-llindu  Kush 

bo: 

98-103° 

Alaska 

MAT 

4 2-5.3° 

1 raii-Turkey 

cue 

53-56° 

MAT 

?2-79° 

Turkey- Greece 

ok; 

59-63° 

CMC 

67-72° 

SHO 

67-72° 

WHS 

67-72° 

MAT 

79-84° 

Gh  iita-Nepa  1 -Burma 

AQII 

59-6  3° 

ADI. 

72-79° 

Alaska 

MAT' 

42-53° 

Central  America 

CMC 

59-6  3° 

Turkey -Greece 

AQII 

84-98° 

MAT 

79-84° 

( al  1 1 .-Western  II. S. 

KON 

72-79° 

MAH 

84-98° 

Turkey- Greece 

SHI) 

72-79° 

Japan 

MAT 

84-98° 

KHH 

56-59° 

Solomons -New  Hebrides 

KBI. 

98-103° 

Sumatra-.Java 

KBI 

53-56° 

Sumatra-Java 

KBH 

63-67° 

Solomons-Ncw  Hehi ides 

FBI. 

72-79° 

Japan 

KBH 

42-5.3° 

kamchatka-Kur i les 

KHI. 

63-67° 

Kamchatka- Kuri les 

KBH 

63-67° 

kamchatka-kur i les 

KBI. 

63-67° 

kamchatka-Kur i 1 es 

KBI. 

63-67° 

Kamchatka-kur i les 

KBI. 

59-6.3° 

Japan 

KBH 

53-56° 

Phi  1 ipp  incs-Taiwan 

KBI. 

4 2-  53° 

Aleutian  Islands 

KBH 

72-79° 

Sumatra-.Java 

KBI. 

56-59° 

•Japan 

KBH 

59-63° 

Aleutian  Islands 

KHH 

79-84° 

kamchatka-kur i 1 es 

KHI. 

59-6.3° 

Alaska 

KBI. 

79-84° 

Alaska 

KHI, 

79-84° 

A 1 aska 

KBI. 

79-84° 

Aleutian  Islands 

KBI. 

72-79° 

Aleutian  Islands 

KBH 

72-  79° 

Kamchatka-Kuriles 

KHI, 

63-67° 

Aleutian  Islands 

KBI, 

72-79° 

Ph  i 1 ippines -Taiwan 

KHI. 

59-63° 

Phi  1 ipp ines-Ta lwan 

KBI. 

63-67° 

So  1 omons-New  Hebrides 

KBI. 

98-103° 

I’hi  1 ipp  ines-Ta  i wan 

KHI, 

07-72° 

Kamchatka-kur i les 

KBH 

59-63° 

Solomons-New  IJehrides 

KBH 

79-84° 

Ph  i 1 ippines-Taiwan 

KBH 

56-59° 

Rlil.ATIVt  (Ol)A  MI:ASIIR1.MHNTS 


0-5 

SI.CONDS 

(l’HRCHNT) 
5-10  10-20 

SHCONDS  SHCONDS 

20- TO 
SLCONUS 

100* 

27 

40 

21 

100* 

42 

45 

18 

60 

70 

45 

1 no  * 

75 

41 

59 

100* 

100* 

30 

60 

28 

100* 

79 

33 

40 

100* 

66 

4 1 

42 

100* 

50 

38 

11 

100* 

26 

39 

22 

100* 

45 

74 

01 

100* 

70 

95 

95 

100* 

55 

50 

25 

100* 

50 

40 

40 

100* 

70 

45 

40 

100* 

75 

67 

.18 

55* 

35 

35 

.10 

100* 

60 

50 

50 

100* 

60 

32 

30 

100* 

4 7 

58 

44 

100* 

25 

30 

15 

63 

94 

100* 

27 

30 

100* 

63 

29 

.35 

100* 

70 

.10 

45 

50 

100* 

40 

30 

100* 

95 

41 

25 

100* 

91 

48 

40 

90* 

45 

55 

50 

100* 

85 

75 

100* 

65 

54 

87 

100* 

100 

58 

50 

100* 

92 

78 

.15 

70 

100* 

25 

28 

100* 

40 

60 

40 

100* 

85 

80 

.15 

90 

100* 

70 

00 

100* 

90 

4 8 

50 

100* 

9 5 

55 

15 

100* 

27 

62 

51 

100* 

40 

63 

.13 

30 

40 

30 

50* 

100* 

70 

4 3 

.15 

58 

82 

100* 

00 

45 

100* 

73 

35 

70 

100* 

85 

80 

6? 

100* 

75 

68 

100* 

5.3 

85 

59 

100* 

55 

65 

80 

56 

100* 

51 

44 

100* 

65 

78 

86 

55* 

47 

37 

.14 

100* 

53 

77 

82 

75 

100* 

75 

70 

70 

100* 

77 

47 

100* 

36 

36 

24 

96 

100* 

76 

78 

100* 

.35 

25 

24 

100* 

70 

52 

58 

100* 

73 

50 

29 

100* 

1 *» 
i.  4. 

37 

30 

100* 

76 

72 

46 

100* 

70 

79 

58 

51 

100* 

4., 

50 

100* 

3. 

34 

27 

100* 

46 

26 

19 

100* 

75 

93 

60 

100* 

52 

65 

25 

100* 

90 

73 

60 

65 

100* 

62 

65 

100* 

95 

58 

66 

96 

100* 

71 

39 

30 

50 

80 

100* 

100* 

28 

20 

18 

28 

60* 

48 

35 

1 00* 

56 

52 

44 

100* 

27 

32 

25 

100* 

56 

40 

27 

100* 

6 3 

55 

40 
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TAHLL  XIV 

Small  Lvents  with  Maximum  Relative 
Amplitude  Between  5 and  30  Seconds* 


HAIL 


LOCATION 


NO.  OBSLRVATIONS 

„ WHICH  I’LAK  NO.  POSSIHIL 

_b_  BLTWLLN  S-30  SLC  OBSLRVATIONS 


19 

Aug 

64(U9;33) 

1 ran-Turkey 

5.6 

1 9 

Aug 

64(15:20) 

1 ran-Turkey 

5.6 

20 

Auk 

64 

1 ran-Turkey 

5.5 

05 

Ap  r 

b5 

Tu  rkey- Greece 

5.7 

1 1 

Aug 

65 

Alaska 

5.5 

1 3 

Aug 

65 

Solomon  Is. 

5.7 

14 

Aug 

65 

Solomon  Is. 

5.5 

1 7 

Aug 

65(10 . 35) 

Suma  t ra- Java 

5.  3 

Id 

Tan 

66 

Kamchatka- kuri les 

5.6 

— 

.1  an 

66 

M aska 

5.8 

2 

1 

2 

I 

1 
1 
1 

2 
2 
7 


-d  lan  bti  kamchatka-kuri les  5.1 
05  I eh  Ob  Turkcy-Crcece  5,8 

15  leb  00  China-Hurma  5.7 
07  Mar  06  lran-Turkey  5.6 
19  Mar  lib  Kamchat  k a- kur  i les  5.6 
09  Apr  bb  Central  America  5.7 

16  Apr  66  Alaska  5.2 
2u  Apr  66  lran-Turkey  5.5 
09  May  (> (>  I urkey-Creece  5.5 
11  May  66  kamchatka-Kuri les  5.8 

dun  bb  Kamchatka-kuri les  5.8 
27  Tun  66 1 1 0 : 4 0 j China-Hurma  5,8 


01  Aug  6b(I9:09j  Tadzh i k-ll indu  kush  5.8 


1 

3 

1 

1 

2 

2 

2 

3 

2 


4 


1 

5 
4 
2 
1 

3 

6 

4 

2 

3 
2 

4 


10 

Aug 

66(05: 13) 

Tonga  Is.-liji  Is. 

5.8 

0 7 

Oct 

66 

A 1 aska 

5.7 

29 

Oct 

66 

T urkey-Creece 

5.7 

12 

Nov 

66 

Tapan 

5.8 

07 

Dec 

66 

Kamchatka- kur i les 

5.8 

U 1 

May 

6 7 

Turkey-C.rcece 

5.6 

27 

May 

67 

Tadzhik-llindu  kush 

5.4 

21 

Tun 

67 

Alaska 

5.4 

30 

Tu  1 

67 

Turkey-C.rcece 

5.6 

0.3 

Oct 

67 

Central  America 

5.8 

10 

Dec 

67 

Calif.-  .Vest . II.  S. 

5.8 

1 2 

Nov 

66 

Tapan 

5.8 

28 

Mar 

6 8 

Turkey-Crcece 

5.4 

2 7 

lun 

68' 22: 10) 

Sumatra-Java 

5.3 

2 8 

lul 

68(21:12) 

kamchatka-kuri les 

5.4 

28 

lul 

68(21 ; 23) 

kamchatka-kuri les 

5.1 

U 7 

Nov 

b8 

Aleutians 

S.  1 

07 

Dec 

68(1 5:46) 

Aleutians 

5.0 

01 

Tan 

69 

Aleut lans 

5.4 

0 5 

Tan 

69 

Phi  1 ipp ines 

5.3 

20 

Tan 

69 

Solomon  Is. 

5.6 

4 

6 

4 

5 

5 

6 

1 

1 

4 

2 

2 

5 
2 


•Only  Interval 
Totals: 

Numher 
Numhe  r 
Numher 
in  the 


o-30  Seconds  Considcied 


ot  Lvents : 4 3 
of  event -St at  ion  Pairs:  71 
of  Lvents  for  which  503  or  more  o 
interval  5-30  seconds:  35 


the  observations  peak 


STATIONS  AT  WHICH 
CAILSI  Ol  OBSI.RVAI  IONS  PI  Ak 
C.ROWI  II  BLTWI  LN  5 and  30  SLC. 


pP 

pP 

pP 

Pf 

pl> 

pP 

pP 

PP 

PP 

Multiple 


PP 

pP 

pP 

PcP 

Multiple 

P? 

Multiple 

Multiple 

Multiple 

PcP 

Multiple 

pP 

pP 


Pel' 


pP 

pP  or 

PcP 

PcP 

PcP 

pP 


pP 

pP 

PP 

Multiple 

PcP 

PcP 

PcP 

Multiple 

PP 

pP 

pP  or  Pel' 
pP  or  PcP 
pP  or  PcP 
Mu  I tiple 
pP 


CHI. (S)  ,SI.O(Sj 
SITUS  j 

uir,(s)  ,si.o(sj 

DALIS ) 

MAI ( S J 
MAT  I L j 
MA  I 1 1 ) 

MAT  ( I.  J , Sill  (I  j 
dice  l.j 

DAVfl  j ,kON(Sj  ,N|j|  (Sj 
SL(I(SJ  , SH  I (I  ) .tsLSf  l.j 
Cl  141  ( S J 

CMC{SJ  .DAl.fSj  ,NDI  (Si 
Sill  (SJ 
CMC(I.J 
Cl  111  (S 

H02(I.J  , CMC  I S j 
DALI  I.)  ,WLS(  S J 
BOZll.J  ,SL0(Sj 
CMC!  I.J  ,NDI  (I  J ,51,0(1.  J 
ISTILJ  ,5111  (SJ 
CMC  ( I,  J 
ADL ( S J 

kON(S)  ,MA1.(SJ  .MAT  ( I.J  , 

SLO(Sj 

B02 ( S J 

Sill  (SJ 

KLS(LJ 

1102  (SJ 

kON(S)  , Sill  (Sj 
!'02(S), CMCfSJ, MAI  (SJ, 
f I (SJ  ,SI;0(  SJ  ,WLS(SJ 
•>02  (I.J 
MAT  ( LJ 

CMC  ( S J , MAT  (I.J 
AQU  (I.J 

kl)N(I.J  , MAI.  ( S J 
1102  (SJ 

SliO(S)  , MAT ( 1. J 

kBI.(l.) 

kBL(L) 

KBL(L) 
kBL(L) 
kBI.(L) 
kBI.(S) 
kBI.  ( LJ 
K B L ( L J 
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Another  way  of  looking  at  the  consistancy  of  the 
coda  for  small  and  large  events  is  given  in  Tables  XVI 
and  XVII.  In  Table  XVI  we  see  that  if  at  least  50'’, 
of  the  stations  recording  a large  event  show  an  in- 
crease between  5 seconds  and  30  seconds,  then  the 
expected  percentage  to  show  an  increase  is  881. 

Further,  Table  XVII  shows  that  if  501  of  the  stations 
recording  a small  event  show  a decrease,  then  851 
will  show  a decrease. 

Another  topic  of  interest  is  analyzed  in  Table 
XVIII,  which  shows  that  the  large-event  mb  values  are 
probably  underestimated  by  about  0.3  mb  units. 

Evernden  (1970)  has  pointed  out  that  the  disagreement 
between  regional  seismicity  curves  plotted  as  function 
of  Ms  and  m^  can  be  explained,  at  least  in  part,  by 
the  observation  that  large  events  are  multiple  events. 
That  is,  because  large-event  body  wave  magnitudes  are 
underestimated  by  the  conventional  mfa  computational 
procedure,  so  too  must  be  the  number  of  large-events. 
Thus,  seismicity  curves  derived  from  short-period 
magnitude  data  probably  dip  too  steeply  at  the  higher 
magnitudes  (mb  >5.8).  It  also  follows  that  such  charts 
should  show  an  overabundance  of  events  at  moderate 
magnitudes . 
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TABLE  XVIII 

Emergent  Character  of  Large  Events 
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*Read  in  the  0-5  Second  Time  Window 
**Read  in  the  10-20  Second  Time  Window 


Average  Coda  Determinations 


Because  the  relative  coda  level  at  a given  time 
after  arrival  onset  is  a function  of  magnitude,  the 
large-event  and  small-event  coda  populations  should 
not  be  combined  to  produce  a single  comprehensive  set 
of  average  coda  determinations.  Rather,  two  sets  of 
coda  determinations  will  be  given,  one  each  for  what 
have  been  defined  as  "large"  and  "small  events". 

For  "small"  events,  the  average  P and  PKP  coda, 
(solid  line)  together  with  their  corresponding  standard 
deviations  o_f  the  individual  coda  observations  (dashed 
lines)  are  shown  in  Appendix  II.  Note  that  only  the 
data  for  0-10  distance  includes  the  surface-wave  coda 
envelope.  These  data  are  included  here  because  surface 
waves  at  these  distances  may  be  of  such  character  as  to 
mask  short-period  arrivals  which  might  be  present 
in  the  surface-wave  arrival. 

The  average  P and  PKP  coda  and  corresponding 
standard  deviations  o£  the  individual  coda  observations 
for  large  events  are  shown  in  Appendix  III. 
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Coda  Prediction  - Preliminary  Method 

Up  to  now  we  have  defined  a small  event  as  one 
having  an  5.8,  and  a large  event  as  one  having 

an  or  Mg  >_  7.0.  Obviously,  many  intermediate 
events  satisfy  neither  of  these  criteria.  Let  us 
therefore  examine  possible  coda-classification 
criteria  for  intermediate  events  based  on  the  concept 
of  coda  growth.  Again,  Tables  XI  and  Xill  show  the 
large-event  and  small-event  coda  determinations, 
respectively,  for  the  first  30  seconds  of  the  P-wave 
arrivals  (42  to  103°  distance).  We  first  examine 
the  requirement  that  for  an  intermediate-sized  event 
to  be  classified  as  a "large"  event,  relative  coda 
amplitudes  must  grow  by  at  least  0.3  mb  units  between 
5 and  30  seconds  after  the  P-wave  arrival  as  compared 
to  the  amplitude  measured  in  the  first  5 seconds.  As 
seen  from  Table  XIX,  16  large  events  (i.e.  43?)  from 
our  population  of  37  have  50?  or  more  observations  for 
a given  event  which  fail  to  satisfy  the  0.3  mb 
classification  criterion.  This  would  suggest  that 
application  of  this  criterion  would  successfully 
select  only  56?  of  the  intermediate  events  of  "large" 
coda  type. 

To  further  evaluate  event  classification,  an 
analysis  of  the  small-event  codas  using  the  0.3  mb 
classification  criterion  is  given  in  Table  XX.  We 
see  that  the  codas  for  10  events  out  of  118  have  50? 
or  more  observations  which  satisfy  the  0.3  mb 
criterion;  that  is,  using  this  criterion,  8?  of  our 
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TABLE  XIX 

Largo  Events  lor  Whi..  One  or  More  Ohservat  ions  I'ai  1 
to  Satisfy  the  0.3  ni^  Classification  Criterion 


NOS 


HA  IE 

LOCATION 

"b 

04 

.lull 

70 

China 

5.9 

08 

Jan 

70 

Kcruadec  Is. 

6.1 

10 

Jan 

70 

Phi  1 i opines 

6.1 

20 

Jan 

70 

Tonga  Is.-Fiji  Is. 

6.S 

28 

lob 

70 

Aleutian  Is 

6.1 

0 7 

Apr 

70 

Phi  1 ippines 

6.4 

12 

Apr 

70 

Phi  1 ippines 

5.9 

j 7 

May 

70 

Bonin  Is. 

6.2 

31 

May 

70 

Peru 

i>  . tr 

13 

.lllll 

70 

Falkland  Is. 

3.6 

24 

lua 

70 

•Jucen  Charlotte  Is. 

5.6 

23 

Jul 

70 

Japan 

6.1 

30 

Aug 

70 

Sea  of  Okhotsk 

6.0 

02 

Dec 

70 

Solomon  Is. 

5.8 

10 

Dec 

70 

Peru 

6.3 

04 

leb 

71 

Sumat  ra 

6.3 

02 

May 

7 1 

Aleutian  Is. 

6.0 

02 

Aug 

71 

Japan 

6.6 

1 4 

Sep 

71 

New  Britain 

6.1 

21 

Nov 

71 

Santa  Cruz  Is. 

6.4 

i Li 

Has 

a 

Large -Event  Coda  Shape 

»S) 

Has 

a 

Small -Event  Coda  Shape 

NUMBER  01  OBSERVATIONS 
WHICH  TAIL  TO  SATIS I 
0.3  mb  CRITERION 


2 

1 

1 

1 

2 

1 

1 

1 


1 

3 

? 

3 


NUMBER  OE 

POSSIBLE 

OBSERVATIONS 


STATIONS  AT  WHICH 
OBSERVATIONS  I AIL  TO 
MEET  0.3  m,  CRITERION 


5 

3 

1 

3 

4 

4 

5 
2 

3 
2 

4 

5 
2 
3 
3 
1 
3 

3 

2 


COP(L)  , ICON (I.J 
CIIC(  Lj 
COL ( L J 
COL(Lj 

COP(SjKON( Sj 
PREfLj 
COP  ( I.  J 
TIO(Sj 
ICON  (I.J 

PRI  (I.J  #TIO(|.j 
SHI (Lj 

COL f I J ,C0P(Ej  ,1 1 of  I.j 

COP(S) ,1 IO(Sj 

CII(;(Lj  , COL ( I.J  , 1 1 Of  I.j 

COP ( E J 

COP ( L J 

COP  (I.J 

COP(SJ 

rrofsj 

MAT ( L J 


IOT AES: 

Number  of  Events:  20 

Number  of  Event-Station  Pairs:  28 

Number  oi  Events  lor  Which  50*.  or  More  of  the  Observations  for  a 

Civen  Event  Fail  to  Satisfy  the  0.3  m.  ! 

(Includes  Events  from  Table  XIV) : 16  b 


I IUII3  IUI  a 

Classification  criterion 
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TABU;  XX 

Small  Events  that  Satisfy  the  0.3  Classification  Criterion 


DATE 

LOCATION 

NOS 

\ 

19 

Au« 

04(09: 

:33j  Iran-Turkcy 

5.6 

17 

Aug 

bS 

Sumat  ra-Java 

5.3 

> X 

lan 

bb 

A1 aska 

5.8 

05 

Heb 

bb 

Turkey-Creece 

5.8 

0 7 

Mar 

bb 

1 ran-Turkey 

5.5 

19 

Mar 

bb 

Kamchatka-kuri  les 

5.6 

09 

Apr 

bb 

Central  America 

5.7 

20 

Apr 

bb 

1 ran- 1 urkey 

5.5 

1)9 

May 

bb 

Turkey-C.reece 

5.5 

.1 

.luu 

(ib 

Kamchatka  - Ktiri  les 

5.  8 

27 

.lull 

bb ( 1 1 i 

02J  China-Burma 

5.8 

01 

tug 

bb 

1 ad :h  i k -11  i nuu  Kush 

5.8 

12 

Nov 

bb 

Japan 

5.8 

01 

May 

(>7 

lurkey-Creece 

5.6 

n 

May 

b 7 

Tadzhl  k-llindu  Kush 

5.4 

21 

■ Inn 

b7 

Alaska 

5.4 

0 5 

Ian 

I'll  i 1 i ppines 

5.3 

20 

.lau 

by 

Solomon  Is. 

5.6 

TOTALS : 

Sumher  of  Ivents:  1H 

Number  of  Ivcnt-Station  Pairs:  22 

Number  of  Events  for  Which  SOI  or  More  of  the  0 
lor  a (liven  Event  Satisfy  the  0.3  m[)  Criterion: 


NO.  OBSERVATIONS 
WHICH  SATISFY 

0.3  mb  CRITERION 

NUMBER  OE 

POSSIBLE 

OBSERVATIONS 

STATIONS  AT  WHICH 
OBSERVATIONS  SAT1S1Y 
0.3  mh  CRITERION 

1 

2 

Cl  Hi  f S J 

1 

2 

MAI (El 

1 

7 

uAvn.j 

1 

5 

CMI.fSJ 

1 

2 

CMCfE) 

1 

1 

CllCfSJ 

1 

3 

1102(1.) 

1 

2 

BOZ(E) 

1 

4 

CMCfl  ) 

1 

3 

CMC  ( Ej 

1 

2 

ADI.  ( S J 

1 

4 

SLOTS J 

1 

5 

B02 ( Sj 

5 

6 

B02  C S J , CMC  ( S ) , MAT'  f S)  , 
SEO (S  J , WES ( S) 

1 

1 

B02(1.J 

1 

1 

MAT  (EJ 

1 

1 

Kill.  ( EJ 

1 

>ervat ions 
10 

1 

K HI.  f I.  J 

original  set  of  small  events  would  seem  to  be  more 

like  large  events.  Most  of  these  events  are  the  "true” 

multiple  events  discussed  earlier.  Thus  for  smal] 

events,  the  misclassif ication  rate  of  the  0.3  m, 

b 

increase  approach  is  very  small. 

If  the  decision  threshold  is  lowered  to  0.2-m^ 
unit's  growth,  we  now  find  that  12  instead  of  16 
large  events  have  501  or  more  of  the  observations  for 
a given  station  which  fail  to  satisfy  this  classifica- 
tion  criterion  (Table  XXI);  the  12  events  represent 
321  of  the  large-event  population  (42  to  103°  distance). 
In  a similar  analysis  using  the  small-event  codas 
(Table  XXII)  18  events,  or  151  of  the  population  are 
improperly  classified  using  a 0.2  m^  criterion,  A 
few  of  these  events  grow  due  to  pP  phases,  and  they 
are  expected  to  have  small-event  codas.  The  mis- 
classif ication  rate  is  then  only  about  10%. 

The  preliminary  analysis  given  above,  then,  tends 
to  suggest  that  large-event  codas  characterize  an  event 
which  has  a standard  NOS  magnitude  5.8  < m^<  7.0  and 
which  has  emergent  teleseismic  P-wave  arrivals  that 
display  an  increase  of  0.2  m^  units  (or  greater)  5 to 
30  seconds  into  the  arrival  as  measured  relative  to 
the  amplitude  in  the  first  5 seconds  of  this  phase  at 
50 % or  more  of  the  stations  recordings. 
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TABI.I;  XXi 


Large  Events  for  Which  One  or  More  Observations 
tail  to  Satisfy  the  0.2  mh  Classification  Criterion 


NOS 




MATE 

I.OC  AT  ION 

mb 

0 J 

.1  an 

70 

China 

s. 

, 0 

on 

1 an 

70 

Kermadec  Is. 

o. 

1 

J (J 

:h 

Ian 

leb 

70 
7 U 

Tonga  Is.-lij,  | 
Aleutian  Is. 

Is,  (> , 
t>. 

s 

1 

2 7 

May 

7(1 

Bonin  Is. 

(> 

) 

M 

May 

70 

I’e  ru 

(> , 

0 

l 

i Ull 

70 

Queen  Charlotte 

Is.  5. 

() 

23 

J u 1 

70 

• lapaii 

o. 

J 

30 

\ug 

70 

Sea  of  Okliot  ,k 

(l  , 

() 

0 2 

He: 

70 

Solomon  Is. 

3. 

H 

10 

llec 
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Coda  Prediction  - Example  for  an  Intermediate  Event 

To  demonstrate  the  feasibility  of  predicting  earth- 
quake codas  using  the  average  coda  observations  deter- 
mined in  this  report,  we  consider  a specific  event: 

San  Fernando  Earthquake 
9 February  1971 
OT  - 14:00:41.6  GMT 
Latitude:  34.400°N 

Longitude:  118.395°W 

Depth:  13  km 

This  event  had  an  m^  (depth  corrected)  of  6.2,  an  M 
of  6.5,  and  a secondary  mb  at  Berkeley  of  6.5.  The 
preliminary  classification  criterion  for  intermediate 
events  introduced  in  the  previous  section  (5.8  < mb 
< 7.0,  and  0.2  mb  growth  at  501  or  more  of  the  stations 
reporting)  indicates  that  the  small-event  coda  should 
be  used  for  this  event.  That  is,  the  coda  at  only  6 
of  the  37  stations  at  teleseismic  distances  (FCC,  GEO, 
MBC,  RES,  KJN , and  AQU;(see  Figures  7 through  43  in 
Appendix  IV)  exhibit  increases  of  0.2  m,  units  or 

D 

more  in  the  first  30  seconds. 

Coda  observations  for  the  San  Fernando  event  as 
determined  at  43  stations  (Table  XXIII,  are  shown  in 
black  in  Appendix  IV.  The  appropriate  predicted  coda- 
decay  curve  at  each  station  is  shown  by  the  blue  line; 
the  dashed  blue  lines  define  ± one  standard  deviation 
for  the  individual  coda  observations.  With  few 
exceptions,  the  coda  observations  for  the  San  Fernando 
event  lie  within  one  standard  deviation  of  the  average 
coda  determinations  used  for  prediction. 
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CONCLUSIONS 


From  an  analysis  of  418  small-event  (m,  < 5.8) 
seismograms  recorded  at  17  world-wide  stations,  and 
of  148  large-event  (m^,  Mg  or  secondary  m,  > 7.0) 
seismograms  recorded  at  8 world-wide  stations  and  TFO, 
the  following  conclusions  are  drawn  with  respect  to 
the  coda-decay  characteristics  for  these  events: 

1.  Coda  shape  is  approximately  a function  of 
the  arrival  times  and  relative  amplitudes  of  signifi- 
cant secondary  arrivals  for  both  large  and  small  events. 
However,  the  greater  the  event  magnitude,  the  higher 

is  the  relative  amplitude  level  for  elapsed  times 
greater  than  about  20  seconds  into  the  coda.  For  the 
data  examined,  and  at  the  951  confidence  level  (one- 
sided t-test),  the  mean  difference  is  0.14  m,  units 

b 

2.  The  explanation  for  the  observed  increase 

in  coda  level  with  magnitude  appears  to  be  that  large 
events  are,  in  fact,  multiple  events,  with  the 
nominal  period  of  source  activity  for  a given 
sequence  being  on  the  order  of  1 or  2 minutes.  As 
such,  the  later  events  in  a sequence  retard  the  coda 
decay,  and  elevate  the  relative  amplitude  in  the  coda 
above  that  expected  for  a single  event. 

3.  The  emergent  character  of  the  P-wave  arrival 
for  large  events  tends  to  yield  an  mb  estimate  which 
is  roughly  0.3  mb  units  lower  than  what  might  be 
considered  a more  representative  value.  Because 
large-event  magnitudes  are  underestimated,  so  too 
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I 

must  the  number  of  large  events  which  occur  be  under- 
estimated. 

4.  Because  of  relative  coda  level  at  a given 
time  after  arrival  onset  is  a function  of  magnitude, 
large-event  and  small-event  codas  can  not  be  combined 
to  produce  a single  comprehensive  set  of  average  coda 
predictions.  Rather,  at  least  two  sets  of  coda 
determinations  are  required  (and  given  in  this 
report),  one  each  for  what  will  be  defined  below  as 
"large"  and  "small"  events. 

5.  I he  small-event  codas  adequately  characterize 
events  with  an  m^  <_  5.8.  The  large-event  codas 
adequately  characterize  events  for  which  m,  or  M > 

7.0.  Preliminary  results  suggest  that  for  intermediate 
events  (5.8  • m^  < 7.0),  the  large-event  codas  are 
reliable  if  the  codas  at  50S  or  more  of  the  stations 
recording  display  an  increase  of  0.2  mfa  units  (or 
greater)  5 to  30  seconds  into  the  P-wavc  arrival  as 
measured  relative  to  the  amplitude  in  the  first  5 
seconds  of  this  phase.  As  with  small  events,  coda 

gicwth  due  to  pP  is  a major  problem  with  intermediate 
events . 
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APPENDIX  I 


Comparison  of  large-event  and  small-event  coda 
averages;  large-event  coda  average  shown  in  black, 
lower  table;  small-event  coda  average  shown  in  blue, 
top  table;  dashed  and  dashed  lines  with  dots,  respec- 
tively, indicate  951  confidence  level  for  the  coda 
averages . 


1. 

42-53° 

2. 

53-56° 

30 

56-59° 

4. 

59-63° 

5. 

63-67° 

6. 

67-72° 

7. 

72-79° 

8. 

79-84° 

9. 

84-98° 

10. 

98-103° 

11. 

110-115 

12. 

118-127 

13. 

127-136 

14. 

136-140 

15. 

140-145 

16. 

145-155 

17. 

155-166 

A JO 


ARRIVAL  (MINUTES) 


JA*  jnil 


A 


AM  Jli  J A j Jnl  i 


C iv  r,  rv  rs,  r*  r\j  rv  rv.  r,  « 

'JiTO 

ccceooeutjoo  — — r.  oc 
cc  c ccoonooccoooo 

r*r  tf  Nififoi^Ni'ivo  Cxa'**' 
1 iU  ■»C  FC'r\(N».«(  «n 

v'i/i/,i/»/'i/l  ] X 1 X X XX  XV 

rooooocif  if  inpif  irif  if  if 

* I • I • I • I « , 

COCOCOo-M^^if  CM  J 
«Mf  4 ^ 


I/) 


■r<r>r<r<r<r<r<r<r'r<r<r<r<r<r<r<r«^m^f,>tn 

o 

> 

00000000000'<<M'4'4'400'HNr4P4N 
>•••••  t • t •«  I •<)•  t t ••  t t 

ooooooooooooooooooooooo 

I/) 

o 

>(*ilf  <0«Mf*0PNl)fH«f  9*  9 B «0 

^i^i^Miufl^xxxxtiiii  a sax  aaa 

LLi 

a oooooooif  if  irtrtrirtr^ir 

*"••••••••••###••#•••••• 

hOOOOOO^*<M'i«V><ih«90"Nf'<rif 
**  rvi  «r,  * MHNMNN 


/ 


x 


/ 

A 


♦ 

i 

i 


* 


84- 


(lN3QU3d)  NOHOW  ONflOHO  3AI1V13H 


L 


0 
IO 
vO 

i 

01 
LO 


in 

0) 

DO 

« 

1-. 

O 

> 

3 


3 

"3 

O 

U 


0) 

> 

01 

»— 1 

3 

- 

E 

C/1 

t/> 

UJ 

H 

-3 

3 

C 

X 

3 

Z 

*-> 

■ — 

c 

_j 

< 

> 

> 

3 

K 

1 

O 

K 

< 

DO 

l~ 

K 

3 

UJ 

u~ 

<+-i 

< 

o 

UJ 

z 

e 

o 

p 

to 

•H 

3 

a 

E 

o 

u 

"5J- 

I 


3 

3 

GO 

•H 

U, 


; 


S du  AJo  ^ tS  JAff  jn|i 


JAV 


TIME  AFTER  ARRIVAL  (MINUTES) 


a r\*r\r\,r\ir\irs,r\<r*a  **  o a f r\t****~~******  — 


t'  r u c c uoc'coucjooooocooco 


UJ  9 r-  90 

u~oo**ooooo*-o*-ooooo»-o-  o — 
• ••••••••••••••••••••a 

ooooooooooooooooooooooo 


l r oocooc’tT'Tir  trir«r>*rtr<ririririf  tr 
>-••••••••••••••••••••• 

k CCOOOO~~f^P*>/'«  r^aco  — 

p-  fu  (*■  if 


m ooooooon 


'->)/) - 


✓ t * 

* * T 

\ \ 

— — / \ 

/ x/  ; 


{ s/r  v 

: /XJX 

«■-  c * lO 

"V- 

XX 

\ >•  < ■* 


UN33U3d)  NOHOW  0N00U9  3AI1V13B 


Figure  AI-8.  Comparison  of  large-event  and  small-event  coda  averages,  79-84 
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Figure  AI-9.  Comparison  of  large-event  and  small-event  coda  averages,  84-98 
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Figure  AI-17.  Comparison  of  large-event  and  small-event  coda  averages,  155-166 
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Small-event  coda  averages;  dashed  lines  with  dots 
indicate  ± one  standard  deviation  of  the  individual 
coda  observations. 
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Figure  AII-2.  Small-event  coda  averages  5-10 
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Figure  AII-5.  Small-event  coda  averages 
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Figure  AII-12.  Snail-event  coda  averages  42-53 
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Figure  AII-15.  Small-event  coda  averages  59-63 
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Figure  AII-17.  Small-event  coda  averages  67-72 
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Figure  AII-22.  Small-event  coda  averages  110-115 
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Figure  AII-23.  Small-event  coda  averages  118-127 
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Figure  AII-26.  Snail-event  coda  averages  140-145 
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Large-event  coda  averages;  dashed  lines  indicate 
± one  standard  deviation  of  the  individual  coda 
observations . 
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Figure  All  1-4.  Large-event  coda  averages  59-63 


100 


1 




9 « < * 4 4.  *.  4 * J U J f u t < 


O 


ilN33U3d)  NOHOW  ONOOUO  3AI1V13U 


I 


TIME  AFTER  ARRIVAL  (MINUTES) 

Figure  AIII-5.  Large-event  coda  averages  63-67 
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Figure  AIII-6.  Large-event  coda  averages  67-72 
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Figure  AIII-8.  Large-event  coda  averages  79-84 
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Figure  AIII-9.  Large-event  coda  averages  84-98 


ARRIVAL  (MINUTES) 

event  coda  averages  98-103 


•01 


TIME  AFTER  ARRIVAL  (MINUTES) 

Figure  AITI-11.  Large-event  coda  averages  103-105 
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Figure  AIII-14.  Large-event  coda  averages  115-118 
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Figure  AIII-16.  Large-event  coda  averages  127-136 
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Figure  AIII-17.  Large-event  coda  averages  136-140 
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Figure  AIII-18.  Large-event  coda  averages  140-145 
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Figure  AIII-19.  Large-event  coda  averages  145-155 
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Figure  AIII-20.  Large-event  coda  averages  155-166 
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Comparison  of  the  San  Fernando,  California, 
earthquake  codas  (black)  with  the  small-event  coda 
averages  (blue);  ± one  standard  deviation  of  the 


individual  coda  observations  about  the  average  shown 
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Figure  AlV-1.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  COP.,  11.0° 
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Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  ALB,  15.8° 
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Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  FSJ,  20.6° 
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Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  SLM,  23.0 


TIME  AFTER  ARRIVAL  (MINUTES) 

Figure  AIV-10.  Comparison  of  the  San  Fernr .ido,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  CUI  , 25.0° 
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Figure  AIV- 12 . Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  YKC , 28.4° 


Figure  AIV-13.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  FCC,  29.4° 
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ire  AIV-15.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  BLC,  33.1° 
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Figure  AIV- 16.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  GEO,  33.2° 
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Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  INK,  35.1° 
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Figure  AIV- 18. Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  COL,  35.4° 
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Figure  AIV-19.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  KIP,  37.0° 
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Figure  AIV-21.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  SCH,  40.9° 
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Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  MBC,  42.0° 


Figure  AIV-23.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  RES,  42.0° 


Figure  AIV-24.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  FBC,  42.3° 
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Figure  AIV- 26 , Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  STJ,  49.8° 


Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  ALE,  51.8° 
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Figure  AIV-29 . Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  CUM,  54.7° 
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Figure  AIV- 30 . Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  KTG,  60.0° 
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Figure  AIV- 32 . Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  KEV,  73.0° 
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Figure  AIV  34.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  aveiages  (blue)  ESK,  74.8° 
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Figure  AIV- 35.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  SOD,  75.0° 
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Figure  AIV-37.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  N’UR,  80.6° 
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Figure  AIV-38.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  PTO,  80.0° 
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Figure  AIV-40.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  KOA,  90.2° 
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Figure  AIV-42 . Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  TAV,  91.9° 
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Figure  AIV-43.  Comparison  of  the  San  Fernando,  California,  earthquake  codas 
(black)  with  the  small-event  coda  averages  (blue)  PMG,  98.3° 


